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To make a systematic experimental study of ihe various para-
metars affecting hydroplaning of aircraft tires, and to seek a quanti-

tative theoretics! description of the hydroplanina pheromencn.

Work Completed Ducing the Period 1§ April through 5 Juiy 1965

Modification of the rolling road has been completed. The
LOhp drive motor, its power supply and.conrrol system, and the heavy
duty rubber timing belt transmission system a!} have been installed.
The existing roller drums' were carefully realigned and dynamically
balsnced for high speed cperation. The road, as now medified, is

capable of the 50 ft/sec top speeds required fcr this study.

A 36~inch wide, .06C-iach thick, oriented nyion transpsrent
belt was obtained and installed on the road. Performance to date has
been unsatisfactory, malnly because the belt does not run flat on Itc
support table, but develops large longitudinal bulges &s high 25 1/2~inch.
This is obviously not compatible with the rzcessity to meintain thin,
flas water films on the belt zurface. in addition to buiging, the
belt tends ¢ osclilliate laterally. As noted ir the previous progress
report,2 this characteristic can be svoided by precise alijnment of
the belt's transverse joint, and the specifications demanded of the
belt suppller reflect this. Hovever, the belt as delivered is not up
to these specifications. ©a these grounds, but primarily because of
its bulging tendencies, the belt is rmgarded as unacceptable, and payment
has been withheld. Unfortunately, however, the belt supplier, dezpite
previous assurances that the specifications woulu be met, now represents
the bel: supplled to be the best that can be manufactured. From :this

polat of view, the only alternstive to the present belt is an opaque
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belt such a3 criginaliy installied on the road, a poor altc “netive

as far as the objectives of this study <re concerned. For this reason,
It has been decided thet the present nylor belt shoufd be retained for
the time being and efforts be made to overcorz its daficiencles. At
the same time, sttempts are being made to obtain s more satisfactory
beit from some other source, 'n which case the present belt wili be

returned.

Another problem associated with the nylon beit was discovered
during the trial tests with the four-inch wide be!t.z viz, that hign
slip between the belt and the rollzr drums causec a transfer of the
drum surface materfial onto the belt. So far, no way of removing thls
material hes been found. Yo prevent this meterial trancfzi Trom de-
stroying the transparency of the woirking area of the belt, the mliddle
twelve inches of the drums heve bcen painted with e hard polyurethare~
base paint. Not encugh operating experience has been accumulated
with the coated drums to date to conciude whether or nci the desired
effect has been achieved. '

The consiruction of the tire test rig has been completed.
The a'rcrefc wheel scsembly wes modified to accommodate the required
vzige of tire sizes, and equipped with an electric brake, a tachometer,
and trensducers which msasure wheel deflection and drag force. The
rig 's presently being installed on rails over the rolling roac work

surface.

The piping sysiem for applying the water fllm to the *oiling
roac hes hzeén completed. Preliminary tests Indicate sstisfactory
operation, however, rigeorous testing of accuracy of water fllm appli-
cation cannot be conducted until after belt performence is Improved.

A piexi=glass window=mirror system which will permit visual
cobservotion and photography of the tire footprint has been desligied.
installation is beina delayss pending exploratory experiments to
determine the sptimum section of the rolling road fcr the hydroplsning
testing.
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vifficuities in cbtaining transducers appropriate for measuring
itre footprint pressures on the rolling rosd were mentloned in the pre-
vious progress report-2 Attempts since then have not been encouraging;
It appears that development of such a measuring procedure will be both
involved a:d expensive. As of this time, efforts along this iine have

been suspendzd for praciticai purposes.

Expioratory testing of mode! tires was continued. Static and
dynemic teste were made with polyurethane scale models of types I, |11
and VIl aircraft tires. These indicated that polyurethene models with
geometric properties similar to pneumatic tires can be produced by
existing methods- The effect of Inflation pressure is simulated by
variation of polyurethane fosm dencity. Pneumatic tire carcass stiff-
ness Is simulated by wmets! side plates which are used to Eonstrnin the
pelyurethame tires. The graphs of Figure 2 iilustrate the two effects.
Figure 2a ccipares the static furie~deflection characteristlics of a
Typz § 57x%20 alrcroft tire (sceled down with a A3 force scaling law)
with corresponding curves for both 10 1b/ft> and 18 1b/ft> density
polyurethane tires. Flgure 2b shows tie effects of the sldeplates on
the 18 Ib/ft3 tire. Figure | Is & photograph of some of the apoarzius
used in making these tests.

Exploratory tests were 2!30 conducted with commerclal gneumstic
and semi-pneumatic tires. The iatter performzd very poorly In dynamic
tests, with strong vibrating end knock!ag tendencies. In general, they
were very hard and acted more li%e solid wneels than sircrafc type
oneumstic tires. The smali preumatic tires behaved mucn Setter. Un=
fortunate!y, howeve;, the meager number of smell sizes commericaliy
svailable mi..imizes the potential usefulness of preumatic tirzs for @

systeratic modei test program.

it has consequently bszen declided to utllize polyurziiieune tires
for the maln portion of the tests, with the availabiec smell przumatic
tires for reference purposes. Work has begun on the fabrication of
forty-elght such tires, three of each of the sizes tabuiated In the
preslous progres: ?tport.? with 7oam densities ranging from 10 1b/f¢
to spproximetely 30 ib/fe3. 1t Is anticipated that this range will
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amply cover the size and pressure variations of existing sircraft tires,
on the basis oi a model scale 7asctor of \ » 1/5.
A tentative program for the rolling rosd tests has beer drawn
up- The basic varisbles and thelr projected vsluc, are as follows:
!. Tire diameter/width ratio; 1.5, 2.5, 3.5, 4.5.
2. Tire dtamete;; Le, e, 8, 10t (207, 30, Lott, 50 full scele
with A= 1/5)".
3. Tire density; 10, 20, 30 1b/ft> (corresponding full scale
pressures to bz detsrmined on-the besls of final dynamic
measurements of geometricai properties).
b. Verticel load; 25, 50, 100, 150, 200 !bs (3]25, 6250, !2502, i
18750, 23000 ib. full scale with A = 1/5, A” scaling law)-
5. Kater thicknese {approximate); 0, .005", .010", .025", lOSO“.
.Q78", .ijoc", .150" (0, .025", @50, *?25“. 2567, .3575", .
.500'", .750" full scale with ) = 1/5). !

6. Tread pattern; 3 di“ferent (to be determired).

7. Surface conéliion; 3 different (to be determined).

3

In conformance with the original , ~ nning for this study,” these

varisbles will be investigeted essentielly In the ordzi listed above.

Becsuse of financial limitetions, work has been discontinued on
the numerical sciution of the integral equations developed to represent
the idesllzed hydrapianing system. However, under the sssumptions of
low 2zpect ratio, high Froude number, and a8 prescribed yround pressure
distribution below the planing surface, an analytic solution has been
obtained. Comparison of preliminary results with experiments on a
fiat=bottom planing surfoceh indicates that this approximete theory
predicts correctly st least the trend of the hydrodynamic 1ift.
Furthermcre, the predicted shape of the pressure distribution strongly
Indicates the existence of a spin~slowdown moment on & hydroplaning tire.

sEeomo N,

* Larger (or smaller) full scale diameters, loads, oressures, and flim
thicknessas can also be studled by intercreting che same raw model
dats or. the basis of a smaller (l2:ger) scale factor.
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A supplemental! egreement, Amendment No. 1, to the 1:ferenced
[ 4
contract,) was issued by NASA {date May 5, 1965) to clarify a discrepancy6

betwecn the contract and the proposal from which It stemmed.

Pians for Next Quarter

Unexpectedly high costs of modifying the rciling road facility,
increases In Davidson Laboratory overhead (from 70% to 78%) and machine
shop (from$9.00/hr. tc$9.80/hr) use rates, and a combination of other
unforeseen complications have created a situation nct uncommon In the
initia! steages of a program of thls nature but nonetheless distressing;

shortage of funds.

The vnexpended balance ¢f funds on the contract &s of
30 Jun: 1955 was approximately 310.000 or one=sixth of the origingi
spproptiation. On the other hand, the contract's one year period of .
performence was less then three-quarters gone, and the completed portion
of the original statement of work3(If such things can be put in quanti-

tatlve terms) wes perhaps even less advanced.

A proposa! for extenslon of cupport which reflects this
sltuation is currently being crepared, and will be forwzrded to NASA —
presently. At the ssze time, work is continuing aiong lines intended

to provide the most meaningful results possible within the remaining funds.

As already noted, the thzorelicel effort is beine icncentrated
o the pursuit of the promising epprox!mate enalytic soiution. Systemstic
calculaticas are now in progress for comparison with actual tire hydro-
planing dete obtsined previously by NASA-7 A critical evaluation of
the results will be maoe and conclusions will be drawn as to the effect
of tne various impcrtant parameters such es sspect ratio of tive hydro~
planing surfsce, depth of water, angle of attack, tire inflation pressure,
ete. A preliminsry report discussing the theoretical sovlution is now

beling written.

Primary efforts on the 2xperimental phase are naturally being
directed towards perfecting the test set-up, In particular towsids "
overcoming the unsatisfactory belt performance. At the same time,
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Instrumentation is belng cherked out and callbrated. The setup of the

tire rig on the rolling voad should be completed shortiy. At this time,

the only impediment to successful opcration of the facility for hydro-

planing testing appears to be the belt problem.- How fong it takes

to overcome this problem wil! dictate how much. if any. meaningful

testing can be conducted within the existing funds.
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FIGURE !

STATIC TIRE TEST SETUP wITH SMALL

TIRE RIG
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A POLYURETHANE TIRE, 18 lb/ft? (4% sie ruatss)
B 57x20 T/RE, /6 PLy-I, BOPS!
C POLYURETHANE T'iRE, /0 lé/f[‘f (4" s:oc puaTEs)
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